This paper examines the long-run e↵ects on the spatial distribution of economic activity caused by historical shocks. Using variation in the potential damage intensity of the 1906 San Francisco Earthquake across cities in the American West, we show that more severely a↵ected cities experienced lower population growth relative to less a↵ected cities after the earthquake. This negative e↵ect persisted until the late 20th century. The earthquake diverted migrants to less a↵ected areas in the region, which, together with reinforcing dynamic agglomeration e↵ects from scale economies, left a long-lasting mark on the location of economic activity in the American West.
Introduction
What determines the location of economic activity? Two of the most influential theories of economic geography that seek to answer this question can be captured by the terms "firstnature" and "second-nature" e↵ects (Cronon, 1991; Krugman, 1993a) .
1 The importance of "first-nature" characteristics for the concentration of economic activity involves the intuitive idea that some locations have better natural endowments than others. The "second-nature" e↵ects comprise the concept of economies of scale, which may arise from the ability to share indivisible facilities and gains from specialization, a thick labor market, and the creation and transmission of skills and ideas (Duranton and Puga, 2004) . It seems well established that scale economies are the main reason why cities exist.
2
Gains from economies of scale are also a central element in Krugman (1991) and the subsequent theoretical literature on New Economic Geography.
3 A central prediction of such theories is a high degree of persistence in the distribution of city sizes. Cities that were relatively large historically are predicted to be relatively large today if they were able to take advantage of scale economies. These theories also predict that large enough historical shocks would leave a permanent mark on the spatial distribution of the population. Thus, location theories based on scale economies can explain persistence in the placement of the population in the absence of shocks and, at the same time, explain why su ciently large shocks may imply less persistence over long periods of time.
4
This paper examines how the 1906 San Francisco earthquake a↵ected the spatial distribution of economic activity in the American West to test the predictions of these theories. By digitizing data on the population size of cities (and towns) in California, Oregon, and Nevada from 1870 to 1970 we can compare the change in city sizes before and after the 1906 earthquake between more and less a↵ected areas. 5 Estimates from this di↵erences-in-di↵erences design reveal that 1 The unequal distribution of economic activity is best visualized by looking at light intensity from nighttime satellite images (see, e.g., Henderson et al., 2012) .
2 See e.g. Kim (1995) and Rosenthal and Strange (2004) and references therein for empirical studies on the role played by scale economies for agglomeration.
3 See also Helpman (1998) who focuses on housing as the main mitigating force against spatial concentration. 4 Krugman (1993b) provides simulations that illustrate how the initial distribution of the manufacturing sector may have persistent e↵ects on city sizes due to increasing returns to scale at the firm level in the manufacturing sector. 5 We show below that our main conclusions remain unchanged if we extend the sample by including all cities that were more a↵ected by the earthquake experienced a substantial decline in population growth relative to less a↵ected cities. 6 Our baseline estimate implies that, on average, annual population growth between 1900 and 1970 declined by 0.75 percentage points in the most a↵ected cities compared to non-a↵ected cities. 7 The conclusion that the earthquake caused a permanent shift in the relative size of cities is robust to controlling for possible time-dependent e↵ects of a wide range of local geographical characteristics in addition to possible mean-reverting patterns unrelated to the shock. 8 By showing no sign of recovery more than half a century after the earthquake, our empirical analysis supports the idea that the geographic distribution of economic activity observed today may partly be a result of su ciently large historical shocks.
There are two main reasons for studying this particular event. The first main reason is the magnitude of the disaster. With an estimated death toll of 3,000 people, more than 220,000 left homeless, and property damages that would exceed 10.4 billion U.S. dollars today, the 1906 San
Francisco Earthquake is one of the worst disasters in the history of the United States (USGS, 2012) . 9 In light of the theories focusing on agglomeration forces from economies of scale, we consider the magnitude of this disaster as being large enough to alter the relative magnitudes of agglomeration forces from scale economies across cities. The other main reason for studying this event is that major settlements in the American West started only a few decades before the shock hit. Based on this observation, we put forward the hypothesis that the e↵ect of the earthquake on relative city sizes is driven by the high mobility of the population living in the American West at the time. To provide evidence in support of this hypothesis, we study the settlement patterns of migrants arriving to the American West around the time of the earthquake, since these people were arguably less likely to have strong ties to specific places in counties of the American West (see Section 4.3). 6 For other studies using this type of empirical strategy, see, e.g., Bleakley (2007) , Nunn and Qian (2011), Hornbeck (2012) , Hornbeck and Naidu (2014) , Kline and Moretti (2014) , and .
7 In addition, we provide estimates where we use the distance of a location(city/town or county) to the epicenter of the earthquake interacted with time as an instrumental variable for the earthquake intensity. Reassuringly, our main conclusions remain una↵ected, although the instrumental variable estimates are quantitatively larger (in absolute terms) than the least squares estimates, which may reflect classical measurement error in the earthquake intensity variable.
8 The key identifying assumption is that the population size of all the sampled cities with similar initial conditions would on average have evolved identically had the earthquake not occurred. To support this assumption, we show that there is no association between damage intensity of the earthquake and the population growth rate across cities before the earthquake took place; see Section 4.1.
9 See http://www.measuringworth.com/ for the transformation to current U.S. dollars.
the region. Consistent with this hypothesis, we find that the more earthquake-a↵ected areas experienced a persistent decline of migration inflows from U.S. natives born outside the current state of residence and foreign-born relative to less earthquake-a↵ected areas. 10 Since the 1906 earthquake happened during a period of mass migration to the United States , and the American West was a popular destination for migrants at that time (Hatton and Williamson, 1998) , we consider the change in the settlement patterns of migrants after the shock as a key explanation of the observed change in relative city caused by the earthquake.
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In light of the above-mentioned theories, at least two hypotheses holds the potential to explain our findings. The first hypothesis is that "first-nature" characteristics may have changed due to an update in the perception of earthquake risk associated with living in di↵erent locations. However, as shown in several tests below, the estimated negative e↵ect of the earthquake on relative population growth rates remains almost una↵ected after controlling for such possible e↵ects. In contrast, three pieces of evidence support the hypothesis that forces of agglomeration due to economies of scale comprised the central mechanism by which the earthquake left a persistent mark on the spatial distribution of the population in the American West. Firstly, the estimated e↵ect becomes larger over time until it settles at the end of the sample period, consistent with the idea that forces of agglomeration from scale economies were hampered in the more a↵ected areas and ignited in the less a↵ected areas. Secondly, we show that the earthquake only decreased relative city sizes for cities with more than 2,000 inhabitants. If the only reason for population movements was a change in fundamentals (due to changed perceptions of earthquake risk), the e↵ect of the earthquake damage on population size should be independent of initial city size. On the other hand, the theories of economic geography that are based on scale economies state that small cities are indeed small because of the low degree of scale economies associated with the production processes in these cities. Consistent with our empirical findings, these theories predict that a shock which temporarily pushes people around between small cities/towns, would have insignificant (if any) long-run e↵ects on the population 10 This finding is in line with empirical studies on the economic consequences of natural disasters in the United States during the first half of the 20th century, documenting that people moved away from the a↵ected areas as a response to the shock (Boustan et al., 2012; Hornbeck, 2012; Hornbeck and Naidu, 2014) .
11 Between 1910 and 1940 , about one million migrants were processed through the port of San Francisco, and about half a million went through the immigration station at Angel Island (Lee and Yung, 2010, p.4) . We also show in Section 4.4 that the earthquake had no e↵ect on fertility which further lend credence to the proposed hypothesis of the vital importance of migration for the observed e↵ects of the earthquake.
size of such cities/towns. Finally, we show that the number of manufacturing establishments, various measures of labor productivity in the manufacturing sector, and land prices all declined substantially in the more earthquake-a↵ected areas. These findings are also consistent with the theoretical predictions of models in which the spatial distribution of economic activity is shaped by forces induced by economies of scale in the manufacturing sector (Krugman, 1991; Helpman, 1998) .
Our paper contributes to the empirical literature that studies the importance of historical events for understanding the present-day locations of economic activity. Bleakley and Lin (2012) and Henderson et al. (2016) show that fundamentals that were historically important at the time when cities were founded leave a permanent mark on the spatial distribution of economic activity due to scale economies. Hanlon (2016) , Moradi (2016), Jedwab et al. (2017) , and Michaels and Rauch (2018) all obtain similar conclusions by finding persistent e↵ects of historical events on the geographic distribution of economic activity.
12 In contrast, Davis and Weinstein (2002) , Brakman et al. (2004) , Miguel and Roland (2011) , and SansoNavarro, Sanz and (2015) find no long-run e↵ects of war-related events on relative city sizes. Our paper also relates to a growing literature that investigates the e↵ect of natural disasters on city development. Hornbeck and Keniston (2017) and Siodla (2015 Siodla ( , 2017 , focusing respectively on the Great Boston Fire of 1872 and the 1906 earthquake in San Fransisco, find beneficial long-run e↵ects on city development from these shocks. In contrast to these studies which focus on the development of a single city, the present paper evaluates how a shock to the placement of people a↵ected the relative size of cities and towns in a whole region over 12 See also Holmes and Lee (2002) for the relative importance of first and second nature e↵ects in the context of crop choice.
time. We also contribute to a broader literature that examines the e↵ect of natural disasters on economic growth. Earlier studies report positive e↵ects on income (e.g., Albala-Bertrand, 1993; Skidmore and Toya, 2002; Loayza et al., 2012; Noy, 2009 ), while Cavallo et al. (2013) find that a disaster a↵ects economic growth only if it is followed by political turmoil. Hsiang and Jina (2014) show that tropical cyclones did not have any influence on subsequent rate of growth in GDP per capita. Using Italian regional data, Barone and Mocetti (2014) show that the short-run e↵ects of two large-scale earthquakes in the 1970s and 1980s were negative, while the long-run e↵ects were ambiguous.
13 Dupont and Noy (2015) find a lasting negative impact on population and GDP per capita of the 1995 earthquake in the Kobe region of Japan.
Historical Background
On April 18, 1906, the earthquake struck at 5:12 a.m. local time without warning (Zoback, 2006) . The total length of the rapture was 477 km (296 miles), and the main epicenter was located about 3 km o↵ the shore of San Francisco. While the estimated moment magnitude places the 1906 San Francisco Earthquake just in the top 20 of the largest earthquakes in the history of the United States, the death toll, economic cost, and the associated fires classify it as one of the worst natural disasters on American soil. The 1906 earthquake is naturally associated with the city of San Francisco, since it was almost entirely destroyed and the worst a↵ected. However, as also pointed out by Ellsworth (1990) , the intensity of the earthquake was comparable to that felt in the city of San Francisco in many other places close to the San Andreas Fault line implying that the damage caused by the earthquake was widespread in the American West.
A contemporary U.S. Army relief report recorded 498 deaths in San Francisco, 64 deaths in Santa Rosa, and 102 deaths in and around San Jose (Greely, 1906) . Hansen and Condon (1989) revised these numbers and estimate an overall death toll of around 3,000 individuals.
Besides the casualties, more than 225,000 people became homeless and 28,000 buildings were by Lawson (1908) and augmented with intensities inferred from additional historical sources.
This collection amounts to more than 600 sites with information on the potential damage intensity of the earthquake. Boatwright and Bundock deploy the ShakeMap methodology to produce a "heat map" from these sites, where the potential damage intensity ranges from none to very heavy (Wald et al., 1999) . We then use Boatwright and Bundock's ShakeMap together with the county border files provided by the National Historical Geographic Information System (NHGIS) to obtain the county's average MMI using the software QGIS. The map spans all counties of California, Oregon, and Nevada. 15 Each city is assigned the average potential damage intensity of the county it is located in. The location of the towns and cities considered in the analysis is shown in Figure 2 .
The main outcome variable of interest is city size, which we obtained by digitizing data from Mo↵at (1996) . 16 Our data set contains the population size of 746 cities measured every decade from 1870 to 1970. We include a city in the sample if it is observed at least one time before the earthquake and at least one time after the earthquake. Additional county-level data to measure manufacturing activities are the number of manufacturing establishments, manufacturing workers, manufacturing wages, and manufacturing value added. These data are retrieved from the ICPSR file 2896 (Haines, 2010) . Additional outcome variables are from the Integrated Public Use Microdata Series (IPUMS) database (Ruggles et al., 2015) and include the stock of migrants (defined as people born outside the state of current residence) per capita,
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and measures of fertility (defined as the child-woman ratio). In these specifications, 1890 is replaced by 1880 since the 1890 Census microdata are unavailable (these data were lost in a fire). The analyses based on these variables cover only the period until 1940 since county identifiers are not available in the IPUMS public use sample for the years 1950 and after. We also constructed a panel data set from 1892 to 1926 of the inflow of immigrants at the county level by using information on individuals' year of arrival to the United States for the census years 1910 to 1930 from IPUMS.
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The geographical controls (i.e., latitude, longitude, average temperature, maximum elevation, distance to rivers, and altitude) are retrieved either from Fishback et al. (2011) or are based on own calculations using QGIS. We further obtained cost-e↵ective freight routes between counties and San Francisco in the year 1900 based on the calculations of Donaldson and Hornbeck (2016) . Each city is assigned the cost-e↵ective freight route between its county centriod and San Fransisco in 1900. Summary statistics are shown in Table 1 .
15 Counties that are not depicted on the ShakeMap are assigned the value zero and, therefore, regarded as non-a↵ected control counties.
16 Mo↵at (1996) draws his information on city sizes primarily from data published by the U.S. Bureau of Census and, in some instances, from local state and territorial censuses.
17 In particular, this variable measures the stock of in-migrants and immigrants out of the total county population. However, it does not capture in-migration within a given state, since the IPUMS only provides information on the state (or country) of birth.
18 To construct this variable, we need to assume that immigrants arrived in the county of residence. Table 2 reports pre-earthquake di↵erences in city population size by earthquake intensity based on estimating:
where y c,t is the natural logarithm of city population in city c measured in the years 1870, 1880, 1890, and 1900. Quake c is a continuous measure of the potential earthquake damage intensity caused by the 1906 earthquake, X c includes geographic controls, and ✏ c denotes the error term. The estimated coe cient,ˆ t , measures the cross-sectional association between the log of population size in year t and the intensity of the earthquake in 1906. The estimates of t are reported in columns 1-3 of Table 2 . Consistent with the historical accounts on the development of the American West prior to the 1906 earthquake, the estimates reveal that, on average, larger cities were more a↵ected by the earthquake. Column 2 shows that this is still the case after controlling for longitude and latitude, which are the baseline geographical controls used in our analysis. Column 3 shows that the positive correlation between earthquake intensity and pre-earthquake city size is not solely driven by being close to the cities of San Francisco and Los Angeles. In addition, Table 2 shows that the di↵erence in city size by earthquake intensity is stable over time in the period before the earthquake.
The fact that larger cities were, on average, more a↵ected by the 1906 earthquake may raise two concerns. The first concern is that the variation in the earthquake damage variable is endogenous to the size of cities (e.g., if the structure of larger cities as well as the quality of houses make them more vulnerable to earthquakes). However, these concerns are arguably limited, since the Boatwright and Bundock's ShakeMap reports only the potential and not the actual earthquake damage. The second concern is that the earthquake intensity may capture potential e↵ects that the initial city size as well as unobserved e↵ects correlated with initial city size, have on subsequent population growth. To address this concern, we control for the initial value (the value in 1900) of the city size interacted with a full set of time-period fixed e↵ects to capture possible mean-revering dynamics unrelated to the earthquake intensity.
19 Furthermore, we show that the potential damage intensity is uncorrelated with changes in outcome variables
19 When other outcome variables are used, we also control for the initial values of these outcomes interacted with a full set of time-period fixed e↵ects.
prior to the earthquake. 
Empirical Strategy
We use a di↵erences-in-di↵erences (DiD) estimation strategy with a continuous measure of treatment intensity to capture any di↵erential development in the outcomes of interest between more and less earthquake-a↵ected areas for the decades 1870 to 1970. The empirical analysis uses data at the city or county level. We exploit the di↵erential intensity of the earthquake across places in California, Oregon, and Nevada using a so-called flexible model to evaluate how the outcome variables vary with the earthquake intensity before and after the disaster occurred.
The baseline estimation equation takes the following form:
where y ct is the outcome in city or county c in period t; Quake c is the potential damage intensity in city or county c which is interacted with a full set of time-period fixed e↵ects, I j t (the year 1900 is the omitted period of comparison); X c is a set of geographical controls; y c,1900 is the pre-shock outcome in 1900; c captures city or county fixed-e↵ects, t is a time-period fixed e↵ect, and " ct is the error term. The standard errors are Huber robust and clustered at the city or county level.
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The parameters of interest are the 0 j s. They can be interpreted as the change in population growth in a given year associated with a marginal change in the earthquake intensity among cities with similar geographic characteristics and similar initial population sizes. For example, negative values ofˆ j for j > 1900 imply that after the earthquake more a↵ected cities experienced lower population growth rates relative to less a↵ected cities. This implies that the estimated coe cients measure the e↵ects of the earthquake in more a↵ected cities relative to less and una↵ected cities in the sample.
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To interpret the estimates of j as respresenting causal e↵ects we need to assume that cities with di↵erent potential damage intensities would have evolved parallel with non-a↵ected cities in the region had the earthquake not occurred. Below, we provide evidence that the growth rates of outcome variables across cities (or counties) in the decades before the earthquake are not systematically correlated with damage intensity suggesting that pre-earthquake trends in observables are indeed parallel.
Results

E↵ects on City Population
The flexible estimates of the e↵ects that the earthquake had on city population growth are reported in Table 3 . Column 1 presents the results for all cities in the sample, while column 2 only includes cities where population is recorded at least twice before 1906 and at least once after the event. This distinction makes no di↵erence for the main conclusion of the analysis, which is that more a↵ected cities experienced slower population growth relative to less a↵ected cities after the 1906 earthquake. Crucially for the identifying assumption, there was no statistically significant relationship between earthquake intensity and city population growth before the disaster took place.
Interestingly, the gap in population growth across more and less a↵ected cities widens until the 1940s, after which it stabilizes. This finding is consistent with the hypothesis that the earthquake ignited a self-enforcing process of agglomeration in less and non-a↵ected cities, which reinforces over time until the economies of scale are outweighed by congestion costs. On 21 Thus, by assumption, the Stable Unit Treatment Value Assumption (i.e., potential outcomes for any unit should be una↵ected by treatments assigned to other units) is not satisfied, since the null hypothesis under investigation is that the shock did not have any e↵ect on relative population size in the American West. A similar approach is taken by Hanlon (2016) . the other hand, this finding is more di cult to reconcile with the hypothesis that the earthquake solely a↵ected the distribution of the population via a change in the perceived "first-nature" characteristics due to a change in people's preferences for living in cities that were more a↵ected by the earthquake. Already by 1910, it seemed to be well understood that the San Andreas Fault line (which basically passes through the Western coastline) is an important marker for earthquake risk (Zoback, 2006) , which implies that cities located along this line would be considered to be roughly subject to the same earthquake risk. However, compared to rational expectations, some individuals may attach too much weight on recent earthquakes when they form expectations about the risk of future earthquakes (Bordalo, Gennaioli, and Shleifer, 2012) .
This would imply that the e↵ect would be largest directly after the earthquake followed by a decreasing trend over time until it eventually would die out. Since, we find the complete opposite pattern, this hypothesis is also not easily reconciled with the data.
Columns 3 controls for any time-dependent e↵ects on city population growth of being close to the city of San Francisco and Los Angeles.
22 Reassuringly, these controls have minor e↵ects on the estimated relationship between earthquake intensity and the subsequent population growth rate. Column 4 investigates the role played by cities adjacent to the most a↵ected areas and column 5 shows that the e↵ect is mainly driven by cities that were severely a↵ected by the earthquake. Columns 6 and 7 reveal that the estimated e↵ect is driven entirely by cities with a population above 2,000 in 1900. We interpret this as evidence in favor of the proposed hypothesis that e↵ects arising from scale economies were crucial for the long-term consequences that the earthquake had on city population size in the American West. Such theories would predict no e↵ects of shocks in small cities and towns, since these agglomerations are small because the production processes in these places have no or small benefits from scale. Finally, Figure 4 displays partial correlation plots between the earthquake shock and city population growth rates for di↵erent time spans. The main purpose of Figure 4 is to illustrate that the findings are not driven by a few outliers (e.g., the cities of San Francisco and Los Angeles).
[ Table 3 and Figure 4 about here] Table 4 presents robustness checks. The general conclusion from the robustness analysis is that the estimated e↵ects remain stable when we control for additional factors that possibly influenced population growth during the sample period.
Robustness Analysis
Columns 1-3 introduce additional geographic controls. All further controls are interacted with time fixed e↵ects to capture any time-dependent e↵ects of these geographical characteristics. In column 1, we study the role of access to water, both rivers and the Pacific Ocean, which may relate to trade-induced economic activities. In column 2, we control more directly for climatic conditions, which may have time-dependent e↵ects on population growth. In column 3, we further include cities' altitude and cotton suitability to account for the posibility that specialization in cotton production, and its e↵ect on the economy and thereby population growth, is correlated with earthquake intensity.
In column 4, we control for any time-dependent e↵ects that the di↵usion of new knowledge about higher earthquake risk associated with living closer to the San Andreas Fault line had on population growth. Since the main results remain una↵ected, we find no empirical support for the hypothesis that a changed perception of "first-nature" characteristics, due to a rational update of earthquake risk associated with living in a given location, caused the long-run e↵ects of the 1906 earthquake.
Next, we explore the importance of having economic ties to San Francisco. While we already captured spillover e↵ects on other cities caused by the almost entire destruction of San
Francisco by controlling for the proximity to San Francisco, this may be an imperfect measure of the economic connections that any city in our sample has with San Francisco. To address this issue, we control in column 5 for the lowest-cost route between any city in our sample and San
Francisco in the year 1900. While this seems to lower the estimated e↵ect of the earthquake on relative city sizes, the qualitative conclusions of the analysis remain una↵ected. In column 6 we explore the possibility that measuring the initial conditions of a city only in terms of the size of its population in 1900 may be imperfect due to measurement errors and short-term fluctuations in city size. However, controlling for city size in 1890 and 1900 does not a↵ect the results.
In column 7, we include all the control variables introduced in columns 1-6. The estimates reveal that the negative e↵ects of the earthquake intensity on relative city population growth nearly double. However, we are cautious about interpreting these estimates as being causal e↵ects of the earthquake on city size due to the possible endogeneity of the control variables added to the baseline specification. Importantly for the message of this paper, the qualitative results remain una↵ected by these additional robustness checks.
In addition, we have conducted an equivalent analysis at the county level and performed a series of additional robustness checks by controlling for time-dependent e↵ects of other geographical characteristics (number of bays, number of beaches, average number of droughts, a dummy for counties north of San Francisco), accounting for potential spatial dependence between the error terms (Conley standard errors), and including counties located in Colorado, Idaho, Montana, Utah, Washington, and Wyoming as additional control units. The main conclusion is robust to these additional checks (i.e., in all these specifications we find evidence in support of the conclusion that the 1906 earthquake diverted population away from more-a↵ect areas to less-a↵ected areas). These results are available from the authors upon request.
[ Table 4 about here]
Migration
This subsection examines how the 1906 earthquake a↵ected the patterns of migration in the American West. The analysis is based on county level data. 23 Table 5 summarizes the results for the sample period 1860-1940. All specifications control for county and time fixed e↵ects and longitude and latitude interacted with time fixed e↵ects.
Column 1, Panel (a), reports the natural logarithm of the number of immigrants per capita by earthquake intensity in a given year relative to 1900 (omitted). The estimates for the earliest decades indicate that, over the entire pre-earthquake period counties, more a↵ected were on an upward trend in terms of their immigrants per capita relative to less a↵ected counties. However-and crucially for our assumption that more and less a↵ected counties with similar geographical characteristics (longitude and latitude) would have had similar changes in 23 Migrants are measured as the stock of people born outside the current state of residence. These include both in-migrants (individuals born in another state in the U.S.) and immigrants (individuals born in another country).
immigrants per capita had the earthquake not occurred-we find that the change in immigrants per capita in the period from 1800 and 1900 is, conditional on longitude and latitude, unrelated to earthquake intensity. After the earthquake, the estimates reveal that more-a↵ected counties experienced a decline in the number of immigrants per capita relative to less and non-a↵ected counties. This e↵ect is relatively stable in the decades that followed the earthquake suggesting that the earthquake diverted immigrants away from the more a↵ected areas primarily in the immediate aftermath of the disaster. Column 2 shows that this result is not driven by the specific functional form of the outcome variable. Columns 3 and 4 in Panel (a) decompose the e↵ect presented in column 2 into e↵ects from internal migration and migrants from abroad.
While losing statistical significance at the conventional levels, this analysis shows that both foreign born and internal immigrants contributed to the overall e↵ect. Table 5 24 While all the post-earthquake point estimates are negative, they do not become statistically significant until 1921.
Panel (b) of
[ Table 5 about here]
Fertility
In Table 6 , we investigate to what extent the 1906 earthquake a↵ected fertility behavior. In particular, we study the change in the number of children below the ages of one and five per woman of childbearing age by earthquake intensity in a given year relative to 1900. In contrast to Finlay (2009) and Nobles et al. (2014) , we do not find evidence of a fertility response to this particular natural disaster.
[ Table 6 about here] by earthquake intensity across counties. As in the previous analyses, all specifications include county and year fixed e↵ects in addition to latitude and longitude interacted by time fixed e↵ects. The estimates for the manufacturing sector reported in columns 1-3 show no signs of di↵erential pre-earthquake changes between more and less a↵ected counties in the number of establishments, wages per worker, and value added per worker in the decade before the disaster (1900 is the omitted year of comparison). Beginning in 1920, which represents the first decade in this sample after the earthquake (there are no county-level data available for the manufacturing sector in 1910), the estimates reveal a clear negative association between the potential damage intensity and the manufacturing outcome variables. While the negative e↵ect of the earthquake on the number of manufacturing establishments increases over time, the negative e↵ect on average wages and value added per worker, both of which are proxies for the average labor productivity in manufacturing, is relatively stable over the entire period (the e↵ect declines somewhat at the end of the period). In column 4, we study the changes in the natural logarithm of farm value by earthquake intensity. This analysis reveals that the change in farm land values was significantly smaller in more a↵ected counties relative to less a↵ected counties after the earthquake. Our empirical results reveal a substantial increase in economic activity and labor productivity after the earthquake in less and non-a↵ected counties, which is consistent with the hypothesis that these counties experienced a relative boom from larger economies of scale in the manufacturing sector due to the e↵ect that the earthquake had on city sizes in the immediate aftermath of the shock. Overall, economies of scale seemed to play a central role for the long-run e↵ect that the 1906 earthquake had on the spatial distribution of economic activity in the American West.
Other Measures of Economic Activity
[ Table 7 about here]
Concluding Remarks
The 1906 San Francisco Earthquake changed the spatial pattern of economic activity in the American West over the course of the 20th century. More a↵ected areas experienced a persistent decline in population size and the number of manufacturing establishments and measures of labor productivity relative to less and non-a↵ected areas. This finding is in line with a number of recent empirical studies arguing that historical events may have substantially impacted the location of economic activity due to the presence of economies of scale.
Since individuals might move away from disaster-stuck areas (Boustan et al., 2012; Hornbeck, 2012, Hornbeck and Naidu, 2014) , one hypothesis why the 1906 San Francisco Earthquake had a long-lasting e↵ect is that it diverted migrants to less a↵ected areas of the American West.
Our findings support this "moving-out hypothesis" and suggest that large historical shocks are more likely to have a persistent e↵ect on the location of economic activity when geographical mobility is high. Indeed, our empirical evidence suggests that the geographical mobility of affected people may play a similar role to that of transport cost of goods (Henderson et al. 2016) in determining to what extent history matters for the spatial distribution of economic activity that we observe today. Notes: The figure shows the partial associations between population growth rates and earthquake intensity across cities (which are observed at least two times before the earthquake and one time afterwards) for di↵erent time spans after 1900 when controlling for longitude and latitude. The standard errors (S.E.) of the coe cients are robust and clustered at the city level. Notes: The analysis is conducted at the city/town level with decadal observations during the pre-earthquake period 1870-1900 in California, Nevada, and Oregon. This table reports the cross-sectional di↵erence in each pre-quake year from 1870 to 1900 by earthquake damage intensity. All regressions include year fixed e↵ects. Column 2 includes the baseline geographical characteristics -longitude and latitude -interacted with year fixed e↵ects, while column 3 also controls for proximity to San Fransisco and Los Angeles interacted with year fixed e↵ects. Robust standard errors of the point estimates are clustered at the city level and reported in parentheses. ⇤ ⇤ ⇤ p < 0.01, ⇤ ⇤ p < 0.05, ⇤ p < 0.1 Table 3 : City Size by Earthquake Intensity over Time
Variables ln(population) ln ( 
0,834
Notes: The analysis is conducted at the city/town level with decadal observations during the period 1870-1970 in California, Nevada, and Oregon. In addition to city and year fixed e↵ects, all regressions include the value in 1900 of the outcome variable, latitude, and longitude interacted with year fixed e↵ects. The table reports di↵erences in the logarithm of the population size across cities by the damage intensity of the 1906 San Fransisco Earthquake (quake) in a year relative to 1900. Column 1 include all cities, while columns 2-7 restrict the sample to cities that are observed at least two times before the earthquake and at least one time after the earthquake. In columns 3-7, the additional control variables are i) proximity to the city of San Fransisco interacted with year fixed e↵ects and proximity to the city of Los Angeles interacted with year fixed e↵ects. Column 4 excludes cities that are located between 50 and 260 miles from the city of San Fransisco. Column 5 excludes cities with low damage intensity, specifically with damage intensities in the interval [0,6). Column 6 (7) only considers the sample where the population size of the cities are larger (smaller) than 2000 in the year 1900. Robust standard errors of the point estimates are clustered at the city level and reported in parentheses. 
0,933
Notes: The analysis is conducted at the city/town level with decadal observations during the period 1870-1970 in California, Nevada, and Oregon. In addition to city and year fixed e↵ects, all regressions include the value in 1900 of the outcome variable, latitude, and longitude interacted with year fixed e↵ects. The sample is restricted to cities that are observed at least two times before the earthquake and at least one time after the earthquake. The table reports di↵erences in the logarithm of the population size across cities by the damage intensity of the 1906 San Fransisco Earthquake (quake) in each year relative to 1900. Each column adds cross-sectional control variables, which are all interacted with year fixed e↵ects. These control variables are as follows. Column 1: proximity to rivers and a dummy if the county of the city has access to the Pacific Ocean. Column 2: number of draughts and avg. temperature. Column 3: cotton suitability and altitude. Column 4: a dummy if the county of city is placed on the San Andreas Fault line. Column 5: trade cost in 1890 from each city to the city of San Fransisco provided by Donaldson and Hornbeck (2016) . Column 6: population size in 1890 and population size in 1900. Column 7: all controls from columns 1-6. Robust standard errors of the point estimates are clustered at the city level and reported in parentheses. 
